BACKGROUND: Encouraging generic drug use has reduced health care costs for payers and consumers, but the availability of therapeutically interchangeable medications or generic medications of choice is not equal across disease states. The extent to which systems of care are able to substitute with generics is not well understood. OBJECTIVES: To (a) define and measure the maximum generic rate (MGR) of currently prescribed drugs within an academic medical group in and (b) illustrate differences across drugs associated with selected underlying diseases. METHODS: Prescription claims data were examined from an academic medical group in Chicago, Illinois. Based on pharmacologic and therapeutic criteria, drugs were classified into 2 categories-potentially substitutable and not potentially substitutable-based on whether the drugs are branded forms of the same chemical entities that are available as generics or are therapeutically interchangeable with other medications that have different chemical compositions but the same mechanisms of action and potential efficacy. A medication was considered potentially substitutable if it (a) did not have a narrow therapeutic index as defined by the FDA; (b) did not belong to 1 of 6 protected classes of drugs in the Medicare D provisions; (c) was substitutable with a generic medication containing the same chemical entity; or (d) was therapeutically interchangeable with a therapeutically equivalent medication. MGR was defined as the percentage of prescriptions that could potentially be prescribed in generic form. This rate was examined overall and across drugs known to be associated with illustrative diseases including hypertension, diabetes mellitus, and obstructive lung diseases. RESULTS: The MGR ranged from 100% for drugs used in hypertension to 26.7% for drugs used in obstructive lung diseases. The MGR was 83.6%. CONCLUSIONS: Payers wishing to promote generic substitution should incorporate the potential for substitution of clinically appropriate generic medications as part of incentives for generic utilization to avoid unintended consequences of using a fixed target rate. A practical methodology for determining an MGR is offered.
ncouraging the use of generic drugs has helped reduce costs and can continue to reduce health care costs for payers and consumers with a recent simulation estimate suggesting savings of close to $300 per patient among Medicare Part D enrollees.
1-4 Recent opportunities and related efforts to increase the use of generic drugs have been key driving factors moderating pharmacy cost trends over the past 5 years. 5, 6 Various health care payers have employed specific payment initiatives to drive down costs by incentivizing providers to increase the percentage of generic drugs used in their patient populations. 4 Currently, payers often reward independent physician associations (IPAs), individual physicians, and accountable care organizations (ACOs) that show improved prescribing patterns in terms of approaching predetermined benchmarks for generic prescribing. Benchmarks for generic dispensing rates (GDR) are typically derived using formulas created by insurance companies on an annual basis based on past performance of "top performing" IPAs. 7, 8 One concern with strategies designed to achieve a flat-rate benchmark for generic utilization is that available treatments for some patient populations are branded only, such as insulin products for insulin-requiring patients with diabetes mellitus and asthma medications in the form of inhaler devices. Furthermore, the use of medical supplies (e.g., blood glucose monitors, glucose test strips, glucose testing lancets) tend to be branded only, and orders for such equipment often count as prescriptions under some payers' financial incentive measures. In addition, in certain clinical scenarios that require medications with a narrow therapeutic index (NTI), switching patients from brand to generic medication may be clinically inappropriate and potentially harmful (e.g., switching a patient on Tegretol tablets to carbamazepine tablets for management of seizure disorder). Hence, the prevalence of conditions being treated and pre-existing drug choices may have a significant impact on the overall ability for an IPA, ACO, or individual physician to achieve a particular percentage of generic use and therefore to reach the benchmark for financial incentive. For example, 1 study claimed that 87% of variation in generic prescription rates was due to differences in case-mix. 9 To our knowledge, only 1 previous study has examined the maximum potential cost savings as a result of generic substitution. Kunisawa et al. (2013) examined 9 million dispensing records in Japan from January to March 2010 and defined maximum potential quantity-based shares as the quantity of generic drugs dispensed plus the quantity of branded drugs that could have been replaced by generic drugs divided by the quantity of all drugs dispensed. 10 A "substitution index" was
• Use of generic medications can reduce costs with potential savings estimates ranging around $300 per patient without harming patients.
• Current incentives towards generic medication use tend to use a flat rate not conditional on the existing use of drugs or underlying patient population.
The purpose of this study was to define and measure, based on prescription claims data, the generic conversion potential of medication therapy of a midsized academic medical group. Medications that cannot be converted to generic alternative were also characterized by the reason for the inability to produce a generic conversion.
■■ Methods
This study focused on identifying branded drugs being used when there were available alternatives of clinically appropriate generic drugs based on a retrospective analysis of prescription claims data from January 1, 2012, through December 31, 2012. Drugs in the claims data were classified based on an algorithm for coding medications as substitutable or not, which is described in further detail below. For illustrative purposes, drugs were further examined across groups of drugs known to be used in treating 4 common chronic diseases (see Table 1 ) as follows: hypertension, diabetes mellitus, COPD, and asthma. The groups of drugs were then characterized in terms of the proportion of medications that could be generic, as well as the burden that unavoidable branded medications for these diseases put on the overall GDR. Due to the large overlap of identical inhaled treatment options between COPD and asthma (i.e., Advair Diskus is a brand-only inhaled medication used for the treatment of COPD and asthma), these 2 disease states were subsequently combined and analyzed as 1 group. In addition, a descriptive measure of potential generic use within a disease, called the maximum generic rate (MGR), was constructed and analyzed.
The prescription data represented patients covered by a single pharmacy benefit manager (PBM). The physician group was composed of 3 large academic clinics: General Internal Medicine, Family Medicine, and Pediatrics, along with multiple community clinics including a federally qualified health center. The patients were racially diverse with significant numbers of African-American, Caucasian, and Hispanic patients. The insurance was not a Medicare plan, so the age distribution was younger than a cohort of all patients. Since all the patients were covered by insurance, indigent patients were not represented in the cohort. The analyses were based on the number of prescriptions for all medications or supplies.
Branded medications were coded as potentially substitutable (having an available therapeutically equivalent generic or available therapeutic alternative) or not potentially generic (no available therapeutically equivalent generic and no available therapeutic alternative that is nonbranded). The characterization was performed by one of the authors, who is a general internist and the chair of the medical center's pharmacy and therapeutics committee, and another author, who is a fellowship-trained ambulatory care clinical pharmacist, using the following algorithm (see Figure 1 ): 1. Was the medication a branded form of the same chemical entity that is available as a generic with the same delivery system? If yes, the medication was considered a potentially substitutable generic prescription. For instance, if Lipitor was prescribed and filled as the brand name product, it is considered potentially substitutable, since atorvastatin calcium is an available nonbranded, therapeutically equivalent medication.
defined as the proportion of potentially substitutable drugs (brand-name medications that could have a generic alternative dispensed) that were actually prescribed as generic. Study results showed a maximum potential quantity-based share of 50.1% and a maximum possible cost savings of 16.5% with generic medications. 10 Kunisawa et al. concluded that comparisons based on quantity-based share may misrepresent actual medication use, and a substitution index accounting for maximum potential quantity-based share may be a fairer measure and encourage more realistic goals for generic medication use. 10 Payers commonly offer financial incentives to providers for achieving benchmark rates of generic drug use. 11, 12 Providers and payers should understand the extent to which patient case mix affects the ability to prescribe generic medications. For example, if an IPA sees a high volume of patients with insulindependent type 2 diabetes mellitus, they will be forced, due to the nature of the disease state, to prescribe more brand-name products for which therapeutic alternatives do not exist (i.e., glucometers, insulin, glucose testing strips, glucose testing lancets, insulin syringes) compared with an IPA that has a low volume of insulin-dependent type 2 diabetic patients. As previously noted, the ability to prescribe generic drugs depends on the availability of generic alternatives, but the availability of generic alternatives varies significantly as a function of case mix (i.e., as a function of patient and disease-related factors). 9 A clearer understanding of the availability of generic alternatives for a given population would allow providers and payers to negotiate more rational financial incentives for generic prescribing. For incentives to be rational in the sense intended here, incentives must be based on the potential for generic substitution or therapeutic interchange within a medical group or IPA. Given the potential for differences in the ability of clinicians to substitute for alternatives (because of differences in case mix), uniform benchmarks, common in contemporary contracts between providers and payers, are inappropriate.
To date, insufficient research exists regarding the extent of variance in opportunities for generic prescribing. No one has quantified, for example, what proportion of drugs are available as generic or have a therapeutic alternative among medications used often in common medically treated chronic conditions such as diabetes, hypertension, and chronic respiratory diseases such as chronic obstructive pulmonary disease (COPD) and asthma. Examining variation in the availability of alternative generic drugs would provide insight to payers who create fixed GDR benchmarks for contracted IPAs, ACOs, and individual physicians based on internally derived formulas. We provide relatively simple mechanisms for quantifying the extent of generic substitution possible based on commonly available information in prescription claims data. Although this is an inexact science, such information should allow incentive benchmarks to be adjusted, leveling the playing field and providing equal opportunity for provider groups to achieve benchmarks when generic alternatives are available. Rational incentives should not penalize providers' use of branded products when no clinically acceptable generic substitute or generic therapeutic alternative is available to treat a patient's condition.
2. Exceptions were made for NTI agents as defined in the 1988 NTI list from the U.S. Food and Drug Administration (FDA). 13 An example is Dilantin. We also used more recent lists from Health Canada and the North Carolina Board of Pharmacy to produce the final NTI list: aminophylline carbamazepine, cyclosporine, digoxin, ethosuximide flecainide, levothyroxine sodium, lithium carbonate, phenytoin, primidone, procainamide hydrochloride, quinidine, sirolimus, tacrolimus, theophylline, valproic acid, and warfarin sodium. 14, 15 Medications that did not meet the first criterion were considered not potentially substitutable if they were in 1 of the 6 protected classes of drugs as defined in the 17 These include immunosuppressant, antidepressant, antipsychotic, anticonvulsant, antiretroviral, and antineoplastic classes. For example, Abilify does not have a generic and is an antipsychotic. 3. For medications that were not NTI, or in 1 of the 6 protected classes, it was next determined if the medication was a branded form of the same chemical entity available as a generic product with a delivery system that differed from the branded drug in clinically insignificant ways, for example, Coreg CR. A switch from a daily to a twice daily regimen was considered acceptable (i.e., a therapeutic alternative), but conversion to a 3 or more times a day drug was not considered acceptable due to the increased risk of nonadherence. [17] [18] [19] 4. For medications still remaining, the reviewer determined if the medication was a branded member of a class that is thought clinically to have class effect benefits and minimal risk of harm in switching (i.e., a therapeutic alternative). For example, the use of brand-only Crestor 10 mg for the treatment of hyperlipidemia. This would be considered a potentially generic prescription due to the availability of generic atorvastatin calcium at higher, equipotent doses.
This algorithm required clinical judgment. Two independent coders coded each drug and had zero disagreements.
All medications and prescriptions were categorized for further analysis according to the reason for nonsubstitutability: NTI; 6 protected classes; branded durable medical equipment, supply, or device; and unnecessary branded formulation. For illustrative purposes, medications were selected and categorized further as being predominantly indicated for diabetes (DM), hypertension (HTN), or COPD/asthma (see Table 1 ).
MGR was defined as the highest proportion of generic medication use possible.
Maximum Generic Rate: 1 -not potentially substitutable rate Another useful concept employed was the brand burden of a disease. This is the not potentially substitutable rate for a specific disease or, more specifically, for the set of prescriptions inferred to be used for the disease in our analysis. So for either a disease or, in our case, a group of medications inferred to be for a disease, we defined the following:
Brand Burden (disease) = 1 -Maximum Generic Rate (disease) The brand burden was determined for the diseases HTN, DM, and COPD/asthma.
■■ Results
There were 99,336 prescriptions or supplies filled during 1 year of observation, with 76.1% being generic. 
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the classification of the 23,781 nongeneric prescriptions into 5 mutually exclusive types. More than two-thirds (68.6%) of the prescriptions were classified as not potentially generic. The inclusion of medications from the 6 protected drug classes only contributed to 9.8% of the nongeneric prescriptions, with the inclusion of NTI medication being less at 2.0%. The majority of branded products were prescribed in clinical contexts where there was no generic alternative available. The majority of the potentially generic prescriptions were found to be for branded versions of generically available medications. The distribution across disease categories of the brand-only medications and durable medical equipment and supplies is shown in Table 3 . DM (30.9%) and COPD/asthma (23.1%) accounted for more than half of the prescriptions that could not be switched to a generic alternative. Roughly 1 in 8 of the prescriptions were for supplies used for the treatment of DM (e.g., syringes, test strips, etc.). The largest single category included medications used to treat diseases other than DM or COPD/ asthma. This category contained no prescriptions for drugs used to treat HTN. The 6 protected classes from Medicare Part D, combined with NTI drugs, accounted for roughly 15% of prescriptions that could not clinically appropriately be written for generic alternatives. Table 4 shows potential generic substitutability (generic, potentially substitutable, or not potentially substitutable) overall and by the selected disease categories (HTN, DM, COPD/ asthma). Table 4 also includes the MGR overall and by selected disease category. Potentially substitutable branded prescribing was highest for COPD/asthma at 14.7% and lowest for DM at 3.0%. The average for all prescriptions was 7.5%. The not potentially substitutable rate was 16.4% overall. The specific not potentially substitutable rate for each disease, or brand burden, was as high as 73% for COPD/asthma and 0% for HTN. The MGRs ranged from 100% for HTN to 26.7% for COPD/asthma, while the average for all prescriptions was 83.6%.
■■ Discussion
Generic substitution remains a valuable tool in improving efficiency in the health care system. However, our findings illustrate the importance of considering the underlying distribution of drugs, itself impacted by underlying case mix, in the formation of policy surrounding generic drug use. This is of particular concern if strong financial incentives are tied to achieving fixed benchmarks. Failure to adjust can lead to perverse incentives that may encourage institutions either to select patients whose drug therapy can be handled exclusively by generics (e.g., HTN) and/or to provide less than optimal clinical care by prescribing generic drugs when a branded alternative would be the true drug of choice.
This project attempts to address the question of how to set an optimal target for generic drug use. Here, we offer a relatively low cost method inferred from the existing prescribing data. Adjustment along these lines at an institutional or IPA level would promote feasible generic substitution but not penalize groups that had a disadvantageous patient mix (e.g., groups with large numbers of patients with COPD/asthma and/or DM) or incentivize inappropriate medication switching when the drug is unavailable as a generic.
There are other ways to perform a case mix adjustment. For example, one might use financial claims data to determine the mix of diseases in a given cohort of patients. Each disease could have an ideal MGR, and across all diseases, an overall weighted MGR could be developed. Our data suggest sizable differences in the maximum feasible generic prescribing rate by disease, with asthma and other chronic obstructive lung diseases having an MGR a quarter of that of HTN, 26.7% vs. 100%.
Although this method of case adjustment is what is often done for length of stay, cost of care, and other markers, we believe the better method is to determine, for each medication, whether there was a potentially acceptable generic substitute or therapeutic alternative available as a generic, as we have done. In this manner, imperfect knowledge of the diseases and the best MGR for each disease is not required. In addition, the development of the MGR allows an assignment of each branded medication as having a clinically acceptable generic substitute or generic therapeutic alternative or not, something that can be shared with prescribers.
Initially, making this determination for each medication is not trivial, but once performed, maintenance of this database would require changes only for newly available generic formulations, newly available medications and new evidence-based 
Limitations
The physician group used for this study is predominantly urban within an academic teaching center. Prescribing decisions may not represent the norm for IPAs as a whole. Patient population is also limited to a commercially insured health maintenance organization population in a large urban setting. It is not likely representative of the average patient who has medication therapy managed by a PBM, which now may encompass Medicaid, Medicare, and commercial insurers.
There are inherent limitations in our coding of drugs based solely on prescription claims data. First, there is potential for error via the underlying assumptions that a medication is being used for a specific indication without patient-level information. However, this might not be such a significant weakness, since often a generic substitution exists, independent of the exact indication. For instance, whether the use of a branded angiotensin receptor blocker is for nephropathy, heart failure, or HTN, an acceptable generic substitution is available. This is likely more often the case than the presence of a generic substitution only being available for one indication but not another. Again, in practical use of this method, periodic clinical updating of whether or not a drug has a generic substitute would be helpful and recommended.
Second, in this analysis, we chose to use a somewhat arbitrary NTI list because the FDA has not produced a recent NTI list, and there are many to choose from. Hence, we included a medication such as levothyroxine as an NTI medication, but a more aggressive PBM may have left this out. The same could be said for the 6 protected classes used in Medicare D formularies. The exclusion of NTI and protected classes of medications contributed to about 1 in 6 of the not potentially substitutable prescriptions. Thus, it is clear that if others use our method and produce an MGR for a disease or cohort of patients, the results are likely to change some, but the MGR method will be consistent across the prescribers and IPAs being managed for a given PBM.
Third, the method requires clinical judgment, and we based our results on consensus between only 2 experienced clinicians. Although we recognize that this is imperfect in design and that the number of clinicians involved in decision making was low, we felt it was sufficient for the purpose of introducing the concept. Further, the general method used here is relatively easily adapted to other settings, and if a PBM were to adopt this methodology, it could certainly choose to use more than 2 clinicians.
■■ Conclusions
Substantial efficiencies can be gained by substituting generic drugs for branded drugs, but this can only be done when the drugs used for a particular condition are actually available in clinically acceptable generic form. The availability of generic alternatives varies substantially across prescriptions currently indications, whether FDA approved or off-label. Further, as electronic medical records capture better and better data, if shared with PBMs, this type of model can always be improved.
One of the remarkable findings was the large differences in the brand burden by disease. This is clearly related to factors that will change over time, such as the guideline-based preferred therapy for a disease and new evidence-based brand-only additions to therapy and generic availability. In addition, the particular order of medication given for a chronic disease in a patient over time may affect the use of generic medications. Nonetheless, the concept of a brand burden for a disease becomes clear when looking at our 3 diseases of interest. In our cohort, HTN has no brand burden. Treating HTN pharmacologically or taking new patients with HTN into an IPA should not affect nongeneric medication use if medications are selected carefully.
On the other hand, DM has a large brand burden. Moreover, for patients on insulin, not only the insulin itself but also the syringes, lancets, test strips, and glucometers produce multiple branded prescriptions with no generic alternatives. Consequently, a traditional fixed generic rate incentive would produce a misaligned incentive not to use insulin. Ideally, there should be no incentive in place that would lead prescribers to consider delaying the start of insulin therapy. For diseases such as asthma and COPD, most medical therapy is also presently branded, and the brand burden we found was 73.3%. Here, clinicians should not be disincentivized to diagnose lung disease or treat with branded inhalers, since this, in fact, would represent the best clinical, evidence-based practice.
Using the concept of the MGR, the performance of an IPA, clinician, or health system would be based on the difference between their MGRs and their actual generic rates. In the example analyzed in this article, the medical therapy for HTN is not ideal. While the MGR is 100%, the actual generic rate is 94.9%, and there is still a 5% improvement that can be made within drugs used to treat this common disease. Overall, the MGR is 83.6%, and the actual generic rate is 76.1%, so it follows that the incentive should be to move from 76.1% to 83.6% 
